The thiophene-2-carboxyaldehyde methanesulfonylhydrazone (msh1), 2-acetylthiophene methanesulfonylhydrazone (msh2) and 2-acetyl-5-methylthiophene methanesulfonylhydrazone (msh3) ligands, a heteroatomic methanesulfonylhydrazone derivative, was optimized by using HF and DFT (B3LYP) method with 6-31G(d,p) basis set. The calculated IR spectra for msh1, msh2 and msh3 were compared with experimental data and the suitability of the calculation methods was discussed. LANL2DZ and GEN basis sets were used for calculations of chromium pentacarbonyl complexes containing msh1, msh2 and msh3 ligands. According to the experimental IR spectra the most appropriate method and basis set was determined. Structural parameters of ligands and complexes were predicted. To investigate the biological activities of ligands and complexes, some activity descriptors were obtained from optimized structures. Molecular electrostatic potential (MEP) maps of the mentioned ligands and complexes were examined and active sites were determined. The molecular docking study of ligands and complexes with Bacillus cereus (PDB ID=5V8E), Staphylococcus aureus (PDB ID=1BQB), and Candida albicans (PDB ID=1AI9) were performed.
INTRODUCTION
The pharmacological and chemical interest of the compounds containing the sulfonyl hydrazone moiety is increasing day by day (1) . Sulfonamide drugs are used as chemotherapeutic agents because they have a broad spectrum of activity (2) . Most compounds containing carboxylic acid hydrazones exhibit cytostatic activity. Sulfonamides (-SO2NH-) are widely used as antimicrobial agents due to their lower cost, lower toxicity and most of their activity against bacterial diseases (3) . Methane sulfonamide derivatives have DNA binding ability and show cytostatic effects that are used in cancer chemotherapy.
Hydrazonic compounds have interesting biological properties such as antibacterial (4) , antidepressant (5), antiinflammatory, analgesic (6, 7) and antipyretic activity (8) . Hydrazones are important compounds for drug design with the synthesis of metal complexes, organocatalysis and heteroaromatic compounds (9) . Sulfones containing heteroaromatic moieties have been discovered to exhibit interesting antibacterial and antifungal bioactivity. For this reason, the synthesis of sulfones has attracted great interest in pesticides and medical formulations (10) . Sulfonylhydrazones derived from sulfonamides have pharmacological properties such as antibacterial, anticancer, antiviral, antinociceptive activity, and particularly enzyme inhibition to carbonic anhydrase species (11) (12) (13) (14) . Most physiologically active hydrazones have applications in the treatment of diseases such as tuberculosis, leprosy and mental damage.
Theoretical studies based on quantum mechanics are used to obtain information on some physical and chemical properties of chemical compounds (15, 16) . For example, vibration spectroscopy is versatile and an easily available tool to interpret and predict the properties of chemically and biologically active molecules. These theoretical studies have been used in both chemical kinetic and chemical analysis studies (17, 18) . However, in addition to the labeling of vibration modes, the relationship between the observed spectroscopic properties and the molecular structure may be difficult to understand (19) . In recent years, DFT and HF methods have been used to determine the molecular structure and vibration spectra of molecules with low computational cost (20) (21) (22) (23) (24) (25) . These calculation methods can give systematic errors due to limited basis sets, harmonic approaches and neglect in electron correlations (26) .
The thiophene-2-carboxyaldehyde methanesulfonylhydrazone (msh1), 2-acetylthiophene methanesulfonylhydrazone (msh2) and 2-acetyl-5-methylthiophene methanesulfonylhydrazone (msh3) which are the heteroatomic methanesulfonylhydrazone derivatives and chromium pentacarbonyl complexes of these ligands were synthesized by G. Orhan et al. in 2014. The synthesized ligands and complexes were examined only in terms of spectroscopy. In this work, msh1, msh2 and msh3 were optimized with HF/6-31G(d,p) and B3LYP/6-31G(d,p) level. The experimental data were compared with the calculated IR spectra of msh1, msh2 and msh3. The suitability of the calculation methods according to the correlation coefficients were discussed. The HF and DFT (B3LYP) methods LANL2DZ and GEN (LANL2DZ for metal and 6-31G(d,p) for other atoms) basis sets were used for the calculations of chromium pentacarbonyl complexes are given in Figure 1 . The suitability of the levels used for the mentioned complexes was discussed according to the experimental stretching frequencies. Structural parameters of the studied ligands and complexes were predicted. (27) . For this reason, some quantum chemical identifiers such as the highest occupied molecular orbital (EHOMO), energy of the lowest unoccupied molecular orbital (ELUMO), energy gap between LUMO and HOMO (EGAP), absolute hardness (η), absolute softness (σ), absolute electronegativity (χ), chemical potential (µ), electrophilicity index (ω), nucleophilicity index () and global softness (S) were studied to investigate the structure-activity relationship. Molecular electrostatic potential (MEP) maps were examined to determine the active areas of the molecules. Finally, molecular docking studies were done theoretically for some types of bacterial and fungal activities. The lack of experimental biological activity for the ligands and complexes mentioned was theoretically illuminated. 
Calculation method
The input files of msh1, msh2 and msh3 ligands and their chromium pentacarbonyl complexes were prepared with GaussView 5.0.8 (28) . All calculations were done using Gaussian 09 AML64L-Revision-C.01 (29) . The HF (30) and B3LYP (31) methods and 6-31G(d,p) level for optimization of the mentioned ligands and HF and B3LYP methods and LANL2DZ and GEN levels for optimization of the mentioned complexes were performed in gaseous phase.
B3LYP/6-31G(d,p) for ligands and B3LYP/GEN for complexes were determined to be the optimal level. DFT methods are taken in account of electron exchange and correlation. Basis sets are often used to create molecular orbitals. 6-31G(d, p) is a polarized basis set. It states that pfunctions are added to the hydrogen atom other d-functions are attached to heavy atoms (32,33). The LANL2DZ is a basis set that uses the effective core potential to model metal atoms (34) . So this basis set neglects the inner shell electrons in the bond formation. The GEN keyword is determined by the user. The atomic orbitals of the central atom and the groups bound to the central atom are calculated using separate basis set (35). The molecular identifiers required to predict biological activity are obtained by quantum chemical calculations. Some quantum chemical parameters which are energy of the highest occupied molecular orbital (EHOMO), energy of the lowest unoccupied molecular orbital (ELUMO), energy gap between LUMO and HOMO (EGAP), absolute hardness (η), absolute softness (σ), absolute electronegativity (χ), chemical potential (µ), electrophilicity index (ω), nucleophilicity index () and global softness (S), were calculated by using following equation.
According to the Koopmans' theorem, the ionization energies and the electron affinities of the chemical species are related to the energies of their frontier orbitals and are calculated using Equations 1 and 2 (36).
The difference between the energies of HOMO and LUMO is calculated according to Equation (3). = − (3) The absolute hardness, softness, absolute electronegativity and chemical potential of the molecules are calculated by Equation (4) - (7) according to R. G. Pearson (37).
proposed an identifier called electrophilicity index (ω). The electrophilicity index is calculated using the following equation (38) . The nucleophilicity index () is the inverse of the electrophilicity index (39) . The global softness is a function of absolute hardness, as seen in Equation 10 (40,41). 
Vibrational Frequencies and Benchmark analysis
Vibrational spectrum is the most important component of molecular structure illumination. Nowadays, the methods computational chemistry provide very useful information in assignment the vibrational spectrum of molecules. However, many methods and basis sets in computational chemistry studies required accurate optimization to be achieved with correct calculation.
In this case, the most accurate results, or as mentioned, the most accurate optimization should be that the correlation between the experimental data and the calculated data by using the different methods and the basis set should be investigated. For this reason, Benchmark analysis is an important section of computational studies. The experimental frequencies values of the mentioned ligands and complexes are compared with those of the calculated harmonic frequencies in each level. The distribution graph is plotted by using experimental and computational frequencies for each level and correlation coefficient (r) is calculated from this graph. The experimental vibration spectra and the calculated frequencies with the HF/6-31G(d,p) and DFT/B3LYP/6-31G(d,p) level and assignments of frequencies for msh1, msh2 and msh3 ligands are given in Table  1 . Table 1 gives the experimental, calculated frequencies for ligands and their labelling. The most appropriate method and basis set were determined according to the correlation coefficients between the calculated and the experimental vibration frequencies. B3LYP/6-31G(d,p) was determined as the most appropriate method and basis set because the calculated correlation coefficients (r) were closer to 1 for the three ligands. In addition, for the msh3 ligand, it was experimentally found that symmetric and asymmetric CS stretching bands at 703 and 583 cm -1 , respectively, were the opposite in animation.
The carbonyl complexes are optimized with HF and B3LYP methods LANL2DZ and GEN basis sets in gaseous phase. The frequencies obtained from the optimized structures, the experimental stretching frequencies and their labelling are given in Tables 2-4 . 
Structural Parameters
The bond lengths and ligand angles, which are geometric structure parameters calculated at the gas phase at the B3LYP/6-31G(d,p) level of the three mentioned ligands, are given in Table 5 . When the bond lengths and bond angles of the ligands are examined, it can be seen that the bond lengths of the S1-C1, C2-C3, C3-N1, N1-N2, N2-S2 and S-O bonds are very close to each ligand. It is seen that C1-S1-C2 angle is 90° and C2-C3-N1 angle is about 120° in the msh1 and about 115° in the msh2 and msh3. A decrease in the angle due to the presence of methyl groups in msh2 and msh3 is expected.
The calculated geometric structure parameters in gas phase with the B3LYP/GEN level of Cr(CO)5msh1, Cr(CO)5msh2 and Cr(CO)5msh3 complexes are given in Table 6 . In the literature, the terminal C-O bond lengths is about 1.15 Å. This value was calculated at the B3LYP/GEN level for C-O bonds. The fact that the Cr-S bond length is numerically larger than the Cr-C bond length is due to the large diameter of the sulfide. The angle between chromium and the surrounding carbonyl and methylsulfonylhydrazone ligands is about 90°, indicating that the chromium complex has octahedral geometry. It is also evident that the angle between the C1-S1-C2 atoms of the methylsulfonylhydrazone ligand has not changed. The Activity Studies with Quantum Chemical Descriptor Some quantum chemical parameters obtained from optimized molecular structures are useful for predicting biological activity. In many recent studies, there is a unique relationship between calculated quantum chemical parameters and experimental inhibition activities. Since HOMO is the highest energy orbital containing electrons, it acts as an electron donor orbital. If EHOMO increases, the inhibitor electron emission is facilitated and the inhibition activity is increased. Similarly, if the ELUMO energy is low, the ability of the inhibitor to interact increases and this means an increase in inhibitory activity. Absolute electronegativity (χ) is a chemical identifier that is considered in the comparison of inhibitory activities of chemical species. Inhibitors with low electronegativity values have easy electron donating ability and thus show high inhibition activity. The chemical potential (μ) is exactly the opposite of electronegativity. For this reason, the inhibition activity is increased by the increase of the chemical potential. The electrophilicity index (ω) is a numerical representation of a molecule's global electrophilic force. The electrophilicity index represents chemical reactivity and is a measure of the ability to receive electrons. These indexes were presented in the calculation method section. According to them, biological reactivity increases with increasing of nucleophilicity index () and decreasing of electrophilicity index. The increasing of the value of global softness implies that biological activity of the compound is the increasing. In this light, these parameters examined for the mentioned molecules are given in Table 7 . According to Table 7 , the order of activity of the investigated compounds according to the respective parameters is as follows: According to EHOMO, , ,  and : msh3 > msh2 > msh1
Cr ( When MEP maps are examined, active sites in the ligands and complexes are usually regions where oxygen atoms are present. It can be considered as electrophilic sites in regions where oxygen atoms are present. The frontier molecular orbitals, the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) are associated with spectral properties and activities of the compounds. When the binding energies are examined, it is that seen the cobalt carbonyl complexes of methylsulfonylhydrazone derivatives are more advantageous in terms of antimicrobial effectiveness. According to the binding energies of the ligands with the target proteins, msh3 has the highest antimicrobial activity. However, in complexes, Co(CO)5msh1 has the highest binding energy value with all target proteins.
Molecular Docking

CONCLUSIONS
IR spectra calculated with HF and DFT (B3LYP) methods were labeled for msh1, msh2 and msh3 ligands and Co(CO)5msh1, Co(CO)5msh2 and Co(CO)5msh3 complexes according to experimental frequencies. According to the correlation coefficients, the most appropriate method is DFT(B3LYP) method. The most appropriate results were obtained at the B3LYP/6-31G(d, p) level for ligands, at the B3LYP/GEN level for the complexes. Structural parameters of these ligands and complexes were studied and were predicted about geometrical structures. The biological activity sequences of ligands and complexes were predicted with some quantum chemical identifiers. As a result, the biological activity order of the ligands and complexes according to E, η,  and S values is msh2 > msh1 > msh3 and Cr(CO)5(msh1) > Cr(CO)5(msh3) > Cr(CO)5(msh2), respectively. In the MEP maps, the electrophilic sites of the ligands and complexes were appointed as the region of oxygen atoms. Finally, molecular docking calculations are performed between mentioned ligands complexes and proteins. Msh3 in ligands and Cr(CO)5(msh1) in complexes is generally found the best complex in protection from cancer. 
